Elderly participants experiencing difficulty in chair rising and with a maximum knee-extensor torque below 87.5 N · m were randomized to different versions of a strength-training program for the knee-extensors: to a high-guidance group (HG; two group sessions supervised by a physical therapist and one unsupervised home session per week, n = 17), a medium-guidance group (MG; one supervised group session and two unsupervised home sessions per week, n = 16), or a control group (C; no exercise, n = 16). Maximal isometric knee strength increased more in HG than in C (p = .03) and with increasing guidance (p = .03). The effect was mainly the result of participants with low initial strength. Walking speed increased more for HG than for C (p = .02) and than for MG (p = .06). No statistically significant improvements were seen on other functional tests. In summary, the study shows a trend toward better results with more supervision, but more and larger studies are needed to confirm this.
higher prevalence of physical disabilities, as was indeed shown in several studies (Foldvari et al., 2000; Hurley, Rees, & Newham, 1998; Hyatt, Whitelaw, Bhat, Scott, & Maxwell,1990; Lamoureux, Sparrow, Murphy, & Newton, 2003; Laukkanen et al.,1994; Moxley Scarborough, Krebs, & Harris, 1999; Pedersen, Ovesen, Schroll, Avlund, & Era, 2002; Rantanen et al., 1999) .
Luckily, improvement in (knee-extensor) strength resulting from exercise is not restricted to the young. In general, the basic training principles (intensity, duration, and frequency) are also applicable to the elderly. To date, many randomized trials have been carried out showing on average moderate to large beneficial effects on muscle strength (Barrett & Smerdely, 2002; Binder et al., 2002; Ferri et al., 2003; Hruda, Hicks, & McCartney, 2003; Latham, Anderson, Bennett, & Stretton, 2003; Miszko et al., 2003) . One study (Fiatarone et al., 1990) showed that even frail, institutionalized elderly people could gain an increase in knee-extensor strength of 174% in 8 weeks of training. The increases in strength also generally lead to improvements in walking speed and chair rising (Latham et al.) .
In a preceding study (Westhoff, Stemmerik, & Boshuizen, 2000) , frail elderly who had followed a 10-week strength-training program showed a statistically significant greater increase in maximal isometric knee-extensor strength and performance on a timed up-and-go test than did the control group. The strengthtraining program consisted of three weekly training sessions, two of which were group sessions supervised by a physical therapist. The remaining session had to be carried out at home. Several participants indicated that they would prefer a program with only one supervised session per week. The physical therapist probably plays an important stimulatory and motivational role, though, so it is not clear whether similar effects would be reached with this less intensely supervised program.
The topic of intensity of guidance has not been investigated before, although some research is available comparing group-versus home-based exercise programs. One study compared a program with three weekly group sessions with one with three weekly home sessions with only a single introductory session, but regular telephone contact, and observed that adherence was better in the home-sessions group, and effects on treadmill-exercise performance were similar (King, Haskell, Taylor, Kraemer, & DeBusk, 1991) . Similarly, both adherence and weight loss were better in a home-based than in a group exercise program for obese women (Perri, Martin, Leermakers, Sears, & Notelovitz, 1997) . Other studies, however, observed better results for group-based programs. One study observed that adherence during the first 6 months was better in the group-based than in the home-based exercise program (Cox, Burke, Gorely, Beilin, & Puddey, 2003) . Also, a study comparing group sessions with home sessions after a single personal instruction observed clearly better results in the group-based program (Konstantinidou, Koukouvou, Kouidi, Deligiannis, & Tourkantonis, 2002) . Some studies did not observe differences between groups: A study comparing those given a single personal instruction plus videotape with those given four extra personal instructions by a physical therapist revealed no differences on health outcome (Roddey, Olson, Gartsman, Hanten, & Cook, 2002) . Likewise, similar effects on bone-mineral density were observed in patients with osteoporosis after either supervised or unsupervised exercise programs (Walker, Klentrou, Chow, & Plyley, 2000) . A study in fibromyalgia patients comparing a home exercise program with 12 supervised exercise sessions with one using only a single supervised session did not show improved health outcomes in either group (Ramsay et al., 2000) .
The present study was designed to investigate whether the effect of less intensively supervised training is the same in a group of participants supervised twice a week as in a group that is supervised only once a week. Our hypothesis is that supervision stimulates participants to exercise more rigorously than they would do at home, and so decreasing the number of supervised sessions will decrease the effectiveness of the exercise program. If this is not the case, a less intensely supervised program would provide a more cost-effective way of implementing the strength-training program.
Methods

EXCLUSION CRITERIA AND PARTICIPANTS
Volunteers were recruited through advertisements in local newspapers and on local TV and by mailing those living in blocks with apartments for the elderly connected to the two welfare centers where the training was held. These welfare centers provide recreational activities and meals for the elderly, both for those living in the apartment blocks connected to the center and for those living independently in the community. The advertisement and the letter emphasized that only those who experienced difficulty in getting up from a chair could participate. Furthermore, posters were displayed in the welfare center to draw the attention of elderly people visiting the building to participate in ongoing activities. On four consecutive mornings an introduction to the exercise program was given and the opportunity to be tested was offered. Participants with a maximum knee-extensor torque of both legs exceeding 87.5 N · m (25 kg force) were excluded from this study, because the exercise program was aimed at participants at risk for disabilities resulting from lack of muscle strength. The limit of 87.5 N · m was chosen because a pilot study had indicated that the relation between walking speed and knee-extensor strength was limited to those with knee-extensor strength below this limit. Participants were also excluded if they had a self-reported disease or condition that would be adversely affected by the exercises involved in the program.
The trial was carried out at two locations using two physical therapists as trainers, one at each location. After providing written informed consent, at each location participants were randomly allocated to one of three groups: a high-guidance group (HG), a medium-guidance group (MG), and a control group without the program (C). Before randomization we decided to randomize fewer participants to the control group because the dropout rate in that group was expected to be less than in the exercise groups. Figure 1 provides an overview of the numbers of participants randomized and the number of participants who failed to complete the study (i.e., dropouts).
The main reasons for dropping out of an exercise group were illness (participant or partner; n = 9), conflict of interest with other activities-some participants considered training three times a week too much of a good thing (n = 4)-and pain during or after the exercises (n = 4). Dropout in the control group was caused by the inconvenience of the tests (n = 3), lack of cooperation during the posttest (n = 1), and death (n = 1). Dropouts in the control group had a statistically significantly lower knee-extensor strength than control group participants who completed the study, but no other statistically significant differences before the start of the program could be found between the groups of participants and between those completing the study and dropouts (see Table 1 ).
The TNO Medical Ethics Committee approved the study. All participants gave written informed consent before participation.
INTERVENTION
The exercise program consisted of three weekly training sessions during a 10-week period for the exercise groups. The control group received no training and was asked to remain habitually active. The two exercise groups differed in the amount of guidance they received. The HG group attended two exercise classes a week, supervised by a physical therapist, and completed one unsupervised home session. The MG group attended only one supervised class, leaving two home sessions a week. During the first week of training, the MG group received two supervised sessions to get acquainted with the exercises. For the unsupervised sessions the (6) 159 (6) 160 (7) 157 (5) 161 (8) 161 ( participants of the exercise groups received an instruction booklet in which the exercises were described, so they could do their home sessions independently. Furthermore, an exercise diary was to be filled out to record the number of sets and repetitions achieved during each session-supervised, as well as unsupervised. Each of the training sessions started with a warm-up period of 10 min covering the large muscle groups. The emphasis of the strength component of the program was on thigh-muscle strength and involved a chain of muscle activity. Exercises included a variation of concentric, isometric, and eccentric knee-extensor activity, because all types of muscle strength are necessary for human movement. The program consisted of nine exercises, six of which could be done seated in a chair; two required standing behind the chair (see Figure 2 ). For three exercises, elastic bands (Lastic Bands, Enraf-Nonius, Delft, The Netherlands) were used to regulate resistance. For example, in Exercise 5 the knee extensors are trained involving concentric and isometric activity in the beginning of the knee straightening (but no longer in the end phase, when the elastic band would assist quadriceps activity). The intensity of these exercises was established individually for each participant, using elastic bands with different resistance. The resistance was chosen so that a participant was not quite able to complete the full three sets of four repetitions. The participants were instructed to increase the number of repetitions whenever they were able to complete the full three sets with the set number of repetitions until they reached the maximum number of eight repetitions. Once a participant was able to complete three sets of eight repetitions of an exercise, the resistance was increased (i.e., an elastic band with higher resistance was used, with resistance values at 100% stretch being 2, 3.5, 4.5, and 6.8 kg) and the number of repetitions reduced to four. The intensity of the other exercises was individually tailored, as well. The 40-min-long strengthening component of the training session was followed by a 10-min cooling-down period. All exercises were chosen for their expected effectiveness, safety, and ease of learning. The resistance of the elastic bands used was to be written down in the exercise diary.
MEASUREMENTS
All tests were carried out the week before the start of the program (pretest) and during the 2 weeks after it (posttest). There was also a follow-up measurement 6 months after the end of the program. These last data are not presented here, however, because our study design became confounded as a result of the fact that most members of the HG group at one location had enlisted in another activity program for the elderly (consisting of varied exercises in a social atmosphere) that started soon after our program.
Maximal knee-extensor torque was also measured during the 6th week of the program. Six physical therapists acted as test leaders. At each location participants were tested in an arbitrary sequence, mixing participants from the HG, MG, and C groups. In order to blind the test leader as much as possible to the training status of the participants, the physical therapists guiding the training did not act as test leaders for participants from the location where they did the training. As a result of practical constraints it was not possible to have the same test leader conduct the pre-and posttraining measurements for each participant, so it is possible that our data are confounded as a result of interrater variation. Adjusting for test leader in the analyses, however, gave similar results to those presented here, with the testleader-adjusted results for muscle strength being even slightly more statistically significant than the unadjusted results.
The medical questionnaire consisted of 10 questions about physical complaints-mainly involving the lower extremities-physical therapy treatment, history of illness and operations, and recent use of medication.
The GARS questionnaire (Kempen, Steverink, Ormel, & Deeg, 1996; Suurmeijer et al., 1994) contained 18 questions concerning functioning in activities of daily living (ADLs) and instrumental activities of daily living (IADLs). Items were measured on a four-point scale, ranging from 1 (I can do . . . fully independently without any difficulties) to 4 (I cannot do . . . fully independently, only with someone's help). This test has good psychometric characteristics. The internal reliability estimate (Cronbach's alpha) is .91 (Kempen, Miedema, Ormel, & Molenaar, 1996) . The overall GARS score ranges from 18 (no difficulties) to 72 (help needed with everything).
Maximal isometric knee-extensor torque was measured using a Quadrisotester (RUG/BMTC, Groningen; Lemmink, Han, De Greef, Rispens, & Stevens, 2001; Verkerke et al., 2003) , which registers peak force on a shin guard fixed with a belt at 0.35 m from the knee axis at 90° flexion of the hip and knee. Participants were seated on a special chair on which handgrips are mounted for support. Holding the handgrips during the measurement minimizes lifting of the body. This test has good interrater reliability (Lemmink et al.) . Participants were asked to gradually increase force on the shin guard over 6 s, and the peak force was registered with a force transducer. Three trials were made per leg, excluding the trials in which the participants applied explosive force. Between trials a 1-min rest was provided. The highest score for each leg was averaged over left and right legs and used for further analysis.
For the timed walking test, participants were asked to walk to a mark 10 m away at their usual speed, turn around, and walk back. Total time, including the turn, to complete the 20 m was measured in seconds and rounded to one decimal place.
For the timed up-and-go test (TUG; Podsiadlo & Richardson, 1991) , participants were seated in a chair and asked to rise (using armrests as usual), walk forward to a mark 3 m away, turn around, return to the chair, and be seated again. The time from rising from the seat to contact with the back of the seat (or sitting comfortably) was measured.
For the box-stepping test (Aniansson, Rundgren, & Sperling, 1980; Skelton, Young, Greig, & Malbut, 1995) , participants were asked to step onto three stacked blocks, each 5 cm high. If they succeeded, an extra block was added until either their maximum potential was reached or all 10 blocks were used. The maximum height achieved was recorded.
The balance test (Rossiter-Fornoff, Wolf, Wolfson, & Buchner, 1995) consisted of three separate tests. Participants were asked to stand for 10 s in three different poses: parallel stance, semitandem stance, and tandem stance. Whether or not the participant could achieve the stance was recorded, and if so for how long (with a maximum of 10 s). Possible scores ranged from 1 (no stance could be achieved) to 6 (all stances were maintained for 10 s). To increase sensitivity, we also considered the time the tandem stance could be maintained (in seconds) as a separate outcome measurement. Table 2 provides the results of all tests used in two repeated measurements spaced 10-12 weeks apart, in a group of 28 controls (including the 17 controls from this study). For the maximal isometric knee-extensor torque there was a significantly higher value measured on the second occasion, which might indicate a learning effect. The intraclass correlation coefficient varied from .70 (balance test) to .93 (TUG).
STATISTICAL ANALYSIS
The design of the present study was based on a power analysis of the data of a previous study (Westhoff et al., 2000) , in which the exercise group corresponded with the HG group of this study. In this study the mean increase of strength in the control participants was 13%, versus 54% in the exercise group. The size of this study is adequate to detect (when testing one-sided) a 15% difference in the increase of strength between two groups with a power of 80%, which was deemed adequate in view of the 41% difference observed between exercise and control groups in the previous study.
Data analysis included computing descriptive statistics of participant demographics (M, SD) and of all other variables. The 95% confidence interval based on a paired t test was given for the effects in the exercise and control groups. A one-way MANOVA design for repeated measures was used to test for differences between pre-and posttests by looking at the significance of the interaction term between group and time. For the analysis of knee-extensor strength, for which we conducted interim measurements at Week 6 of the program, a multilevel model was used (Raudenbush & Edwards, 1993) , using SAS PROC MIXED. Because the increase in strength after 6 weeks of training hardly differed from the increase after the entire 10 weeks of training (Figure 3) , pretest measurements were contrasted with the measurements at 6 weeks and at the posttest measurements simultaneously. Just as with the MANOVA, we tested, for instance, whether the HG group increased more in strength than the control group by looking at the significance of the interaction term between group and time. A test for trend was carried out by coding controls as 1, MG as 2, and HG as 3 and looking at the p value of the interaction term of this variable with time. A larger increase in performance was expected in the exercise groups (MG and HG) than in the control group. The increase in the HG group was, in turn, expected to be larger than the increase in the MG group. Hence, one-tailed tests were used. Because the exercise program was specifically designed for participants with low knee-extensor torque, analysis was repeated by split according to the initial level of strength of the participants. We chose as a cutoff point the round value of 15 kg force = 52.5 N · m, because this was close to the mean value at pretest (54.7 N · m).
Results
COMPLIANCE
According to the record of the physical therapist, attendance at group sessions ranged from 35% to 100% of the 20 group sessions in the HG group (mean 73%) and from 27% to 100% of the 11 group sessions in the MG group (mean 76%). The difference in attendance is not statistically significant. According to the exercise diaries, those in the HG group performed 90% (range 10-130%) of the prescribed 10 home sessions, and those in the MG group performed 72% (range 16-100%) of the prescribed 19 home sessions. Taking home and group sessions together, the HG group executed on average 24 sessions (79%, range 57-100%), and the MG group, 22 sessions (72%, range 20-93%) out of the 30 possible sessions (i.e., group and home sessions together). The total number of sessions executed (home and group sessions together) does not differ statistically significantly between the two groups.
KNEE-EXTENSOR STRENGTH
Between pretest and posttest, group values of maximal isometric knee strength (averaged for both legs) increased from 56.1 to 69.3 N · m in the HG group, from 57.4 to 65.6 N · m in the MG group, and from 50.7 to 56.2 N · m in the control group (Table 3, Figure 3 ), but the difference was statistically significant only for the HG group. In a multilevel random-effects model contrasting the measurements before the training with those during and after the training, the increase in the HG group is statistically significantly larger than that in the control group (p = .03). In addition, the increase of strength with increased amounts of guidance (using a trend test) was statistically significant (p = .03).
According to general training principles (Åstrand & Rodahl, 1986 ) a greater increase in strength was expected in the participants with low initial strength. The data in Table 3 confirm this supposition. In the multilevel random-effects model the trend test indicated that knee-extensor strength increased significantly with increasing guidance in the subgroup with low initial strength (p = .02) but not in the subgroup with high initial strength. Also, the strength in both the HG group with low initial strength and the MG group with low initial strength increased significantly more than in the control participants with low initial strength (p = .01 and p = .02, respectively). Table 4 presents an overview of the scores in ADL/IADL activities, balance test, and functional abilities for all groups. No statistically significant changes occurred in the ADL/IADL score as measured with the GARS.
GARS QUESTIONNAIRE AND FUNCTIONAL TESTS
A decrease in the time taken for the timed walking test was found in both exercise groups. Average change in the HG group was -13.5% (from 29.1 to 25.2 s) and -3.7% in the MG group (from 27.4 to 26.4 s). The control group showed an average increase of 5.1% (from 30.3 to 31.9 s). The difference in change between the HG and control groups (the interaction term between time and group in the MANOVA) was statistically significant (p = .008), whereas the difference between the HG and MG groups was of borderline significance (p = .06).
The HG group showed a reduction in the time taken for the timed up-and-go test after the program (-8.1%), but this change was not statistically significantly different from the slight increase in time taken by the control participants (0.3%). No statistically significant changes were found on the other tests.
Discussion
The development of knee-extensor strength observed in this study is in the expected direction: The increase in strength is greater in the HG than in the MG group. Using Table 3 77.4 (13.9)
10.1 (-7.4, 27.6) .11
Note. D% = mean percentage of change; HG = high-guidance group; MG = medium-guidance group; C = control group. a trend test shows that strength increases statistically significantly with the amount of guidance, but a statistically significant result on a trend test can also occur in situations where both exercise groups increase with an equal amount compared with the control group. Because the increase in the HG group is not statistically significantly greater than the increase in the MG group, we think that our results suggest, but do not fully statistically substantiate, the finding that the HG group increased more in strength than the MG group. The design of the present study was based on a power analysis of the data of a previous study (Westhoff et al., 2000) , in which the exercise group followed the same exercise program as our HG group. The mean increase of strength in the exercise group was much higher, however, in the previous study than in the HG group of this study (54% vs. 24%). In retrospect, therefore, the size of this study was not adequate to detect a difference between 21% (HG) and 14% (MG) as observed in this study and thus to fully statistically substantiate a higher increase in the HG group than in the MG group. One possible explanation for the lower increase in strength in our HG group than in the exercise group of the previous study is that the stimulatory role of the physical therapist or research team becomes less when the program is implemented on a larger scale. In the previous study there was only one physical therapist supervising one exercise group, whereas in the present study two physical therapist each supervised two groups (an HG and an MG group) . Although the intensity of the exercise program was individually determined and adjusted, the main increase in strength took place in the first 5 weeks of the program (Figure 3) . The same was observed in the previous study. Because of the lack of increase in strength during the second half of the program, the suggestion might be made that the overload needed to increase muscle strength was not imposed throughout the whole 10 weeks. Moreover, it is possible that the increase in muscle strength seen in the first month is mostly the result of neural adaptation (motor learning) rather than an increase in muscle mass, also indicating that overload was insufficient. During the whole program, the participants used elastic bands with increasing resistance. Therefore, for these exercises we think that, when carried out as intended, sufficient overload should be present. The intensity of the remaining six exercises was varied in the number of sets and repetitions. The participants recorded the number of sets and repetitions they performed in their exercise diaries. This record, unfortunately, turned out to be too unreliable to use. In the opinion of the physical therapists the maximum of eight repetitions was already reached after approximately 2 weeks of training, so from this point onward there was no possibility of increasing the intensity of these six exercises. Hence, for two thirds of the exercises there was no possibility of increasing the intensity after 2 or 3 weeks. For future programs it might be beneficial to find a way to create the possibility of increasing the intensity of all exercises throughout the entire program.
The compliance observed in the exercise groups is comparable to that observed in similar programs. Values in the literature include 74% (Gori, Pivotti, Mase, Zucconi, & Scardi, 1984) , 77% (Ewart, Stewart, Gillilan, & Kelemen, 1986) , and 87% (Pollock et al.,1991) . Between the two exercise groups there was only a small but nonsignificant difference in the total number of exercise sessions completed (group sessions and home sessions together). It is not unlikely, however, that the group sessions are more intense than the home sessions. Participants are stimulated to do well by the physical therapist and the presence of other participants, whereas they might be more prone to slackening during the home sessions. Therefore it might be true that it is not merely the number of sessions in general but also the intensity of the sessions that plays a decisive part in bringing about an increase in strength.
Only 4 men were eligible for our trial, because of both the small number of men surviving to the high age of our target group and the higher average muscle strength of men, which is more often above our exclusion level of 87.5 N · m. None of the 4 men in our trial were randomized to the HG group, creating gender imbalance. Leaving all men out of the analyses led to slightly larger differences in the increase of strength between the HG and control groups and between the MG and control groups. This finding is related to the fact that all 4 men had relatively high (>52.5 N · m) knee-extensor strength at the pretest.
More participants dropped out of the exercise groups than out of the control group. Although this is to be expected as a consequence of the higher demands placed on the participants in an exercise group, nevertheless this could bias the results, although it is difficult to say in which direction.
As for the two functional tasks that increased significantly in the HG group (the 20-m walking test and the TUG), the same trends are observed as for strength. The power of this study, however, is too small to fully substantiate this statistically. That these two functional tasks showed an effect, while others did not, might be partly because of the better reproducibility of these tests (Table 2) , giving them a larger power to detect changes. A recent Cochrane review of similar strengthtraining programs also found mostly effects on gait and chair-rise tasks and no indications for an effect on balance or activity measures (Latham et al., 2003) .
Most of the participants in the actual exercise program were very enthusiastic. Difficulties in stair climbing and walking were reported to lessen during the course of the program, and participants said they were more flexible in their movements. This could indicate that the performance tests used here were not sensitive enough to pick up these subjectively experienced improvements in stair-climbing or walking ability. On the other hand, these (subjective) findings might also be attributable to a placebo effect.
One of the findings of this study is that knee-extensor strength increased not only in the exercise groups but in the control group, as well. Different reasons for the increase in strength in the control group can be postulated, one of which is seasonal influence. This study started at the end of March, and the posttesting was done in the first 2 weeks of June. Increased activity in springtime is not unlikely, but a similar increase in strength was seen in our previous study, which took place from September to December. Hence, a seasonal influence does not seem very likely. Another possibility is a learning effect. The force exertion on the shin guard was a strange experience for all participants. They were given several trials to get used to the phenomenon, but there is a possibility that a learning effect occurred, which leads to higher forces in the tests in Week 6 and after the end of the program. Moreover, all our participants, of the exercise as well as of the control group, were enlisted in the same way. Most of them lived in one of the blocks with apartments for the elderly near the welfare centers where the group sessions were held. It is possible that (stories about) activities of the participants in the exercise program stimulated control participants to become more active.
Before this exercise program is implemented the exercises should be reviewed once more. The individual adjustments of the exercises in which no elastic bands are used must especially be reconsidered. Furthermore, the effect in participants with low initial strength is much more pronounced than in the participants with high initial strength. Others have also observed larger improvements in participants who are more dysfunctional (Meuleman, Brechue, Kubilis, & Lowenthal, 2000) . Therefore, criteria for admittance could be reconsidered, as well. A threshold value of around 50 N · m for knee-extensor strength will probably influence the results positively.
Although the power of this study is not high enough to fully substantiate statistically the finding that the HG group increased more in strength than the MG group, the data nevertheless suggest that more guidance by physical therapists results in a higher increase in strength during a 10-week exercise program. Because improvement of performance was observed in two functional tasks after the training program, more guidance might also play a role in increasing performance in functional tasks.
